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57 ABSTRACT

A projector including: a plurality of light sources; a modula-
tor that modulates light emitted from each of the plurality of
light sources; a projection unit that projects the modulated
light modulated by the modulator; a storage unit that stores
grayscales of the light sources and adjustment values for
adjusting the light emission amounts of the light sources in
order to make white balance of the modulated light projected
through the projection unit in relation to each other; and a
light-emission-amount adjusting unit that adjusts the light
emission amounts of the light sources based on the adjust-
ment values corresponding to the grayscales of the light
sources.

13 Claims, 4 Drawing Sheets
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1
PROJECTOR AND LIGHT EMISSION
CONTROL METHOD IN PROJECTOR

CROSS-REFERENCE

The entire disclosure of Japanese Patent Application No.
2012-158599 filed on Jul. 17, 2012, which is hereby incorpo-
rated by reference in its entirety.

BACKGROUND

1. Technical Field

The present invention relates to a projector that projects an
image on a projection surface by using a plurality of light
sources and a light emission control method in the projector.

2. Related Art

There is a known projector of related art that modulates
light from a light source based on an input image and projects
the modulated light through a projection lens on a screen. It is
further known that exchanging the light source in the projec-
tor changes the characteristics of the light source and hence
the white balance, and that a time-varying change in a char-
acteristic (illuminance) of the light source changes the white
balance. A projector with a capability of adjusting an image
actually projected on a screen to have appropriate white bal-
ance has therefore been proposed (see JP-A-2006-140839,
for example).

Further, there is a known projector using a light source the
luminance of which can be adjusted based on PWM (pulse
width modulation) control, such as an LED and a laser (see
JP-A-2010-051068, for example).

On the other hand, in a projector using a plurality of light
sources, the light sources do not always have the same optical
output characteristics. Specifically, when the light emission
amounts of the light sources are changed, the actual light
amounts sometimes do not change in the same manner. For
example, when the light emission amounts of the light
sources are changed in order to change the brightness on a
projection screen, the white balance disadvantageously
changes in some cases. As described above, in a projector
using a plurality of light sources, appropriate adjustment of
the white balance is not readily made because changing the
light emission amounts of the light sources changes the white
balance in a complicated manner.

SUMMARY

An advantage of some aspects of the invention is to provide
a projector capable of appropriately adjusting the white bal-
ance of projected light fluxes from a plurality of light sources
and a light emission control method in the projector.

A projector according to an aspect of the invention includes
a plurality of light sources, a modulator that modulates light
emitted from each of the plurality of light sources, a projec-
tion unit that projects the modulated light modulated by the
modulator, a storage unit that stores grayscales of the light
sources and adjustment values for adjusting the light emission
amounts of the light sources in order to make white balance of
the modulated light projected through the projection unit
appropriate with the grayscales and the adjustment values
stored in relation to each other, and a light-emission-amount
adjusting unit that adjusts the light emission amounts of the
light sources based on the adjustment values corresponding to
the grayscales of the light sources.

According to the aspect of the invention, the white balance
of'the modulated light can be appropriately adjusted based on
the adjustment values stored in advance in relation to the
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grayscales of the light sources even when the grayscales of
the plurality of light sources are changed and hence the white
balance of the modulated light changes. A high-quality image
can thus be projected.

The projector according to the aspect of the invention
described above may further include light source driving unit
that drives the plurality of light sources, and the light-emis-
sion-amount adjusting unit may control the light source driv-
ers based on inputted grayscales of the light sources and the
adjustment values acquired from the storage unit to adjust the
light emission amounts of the light sources.

According to the projector of the configuration described
above, when the laser light sources are driven to emit light
based on the inputted grayscales of the light sources, adjust-
ing the light emission amounts of the light sources based on
the adjustment values stored in relation to the grayscales
allows the white balance to be appropriately adjusted in cor-
respondence with the light emission amounts of the light
sources.

In the projector according to the aspect of the invention
described above, the storage unit may store the grayscales of
the light sources and the adjustment values in relation to each
other, and the projector may further include a controller that
adjusts the light emission amounts of the light sources by
using the light-emission-amount adjusting unit based on the
adjustment values stored in the storage unit when the gray-
scales of the light sources are set at specific values, whereas
adjusting the light emission amounts of the light sources by
using the light-emission-amount adjusting unit based on esti-
mated values calculated from the adjustment values stored in
the storage unit when the grayscales of the light sources are
set at values different from the specific values.

According to the projector of the configuration described
above, the white balance can be adjusted in correspondence
with a variety of grayscales even when only a small number of
adjustment values for adjusting the white balance are avail-
able. Further, since a large number of adjustment values are
not necessary, the period necessary to acquire adjustment
values can be shortened.

The projector according to the aspect of the invention
described above may further include an adjustment value
acquisition unit that acquires adjustment values that make the
white balance of the modulated light appropriate when the
grayscales of the light sources are set at the specific values and
stores the grayscales of the light sources and the adjustment
values in relation to each other in the storage unit.

According to the projector of the configuration described
above, storing the grayscales of the light sources and the
adjustment values for adjusting the white balance for the
grayscales in relation to each other allows appropriate adjust-
ment of the white balance in correspondence with the light
emission amounts of the light sources.

The projector according to the aspect of the invention
described above may further include a color light converter
that produces a plurality of color light fluxes from the light
from one of the light sources based on color conversion and/or
in a spectroscopic manner and a modulator that modulates the
plurality of color light fluxes produced by the color light
converter, and the controller may determine adjustment val-
ues for adjusting the light amounts of the color light fluxes
based on the grayscales of the light sources and from the
adjustment values stored in the storage unit or the estimated
values calculated from the adjustment values stored in the
storage unit and further determine adjustment values for
adjusting the light sources to adjust the light emission
amounts of the light sources by using the light-emission-
amount adjusting unit.
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According to the projector of the configuration described
above, in the configuration in which a plurality of color light
fluxes are produced from one of the light sources based on
color conversion and/or in a spectroscopic manner, the white
balance can be appropriately adjusted in correspondence with
the light emission amounts of the light sources.

The projector according to the aspect of the invention
described above may further include a detector that detects
the white balance of the modulated light and a detected value
holding unit that holds the detected values from the detector
after the detector detects the white balance of the modulated
light produced when the grayscales of the light sources are set
at the specific values, and the adjustment value acquisition
unit acquires the detected values held by the detected value
holding unit as adjustment values.

According to the projector of the configuration described
above, when the light fluxes emitted from the plurality of light
sources are combined with each other and projected, the
white balance of the light emission amounts of the light
sources can be appropriately adjusted based on the detected
values from the detector.

In the projector according to the aspect of the invention
described above, the adjustment value acquisition unit may
acquire the adjustment values based on measured values
obtained by measuring the white balance of the modulated
light outside the projector and the detected values obtained by
detecting the white balance of the modulated light with the
detector.

According to the projector of the configuration described
above, the adjustment values used when the grayscales of the
light sources are set at the specific values can be quickly
acquired based on the measured values measured outside the
projector and the detected values from the detector.

A light emission control method according to another
aspect of the invention is used in a projector including a
plurality of light sources, a projection unit that modulates
light emitted from each of the plurality of light sources and
projects the modulated light, and a storage unit that stores
grayscales of the light sources and adjustment values for
adjusting the light emission amounts of the light sources in
order to make white balance of the modulated light appropri-
ate with the grayscales and the adjustment values stored in
relation to each other, and the method includes adjusting the
light emission amounts of the light sources based on the
adjustment values corresponding to the grayscales of the light
sources.

According to the aspect of the invention, the white balance
of'the modulated light can be appropriately adjusted based on
the adjustment values stored in advance in relation to the
grayscales of the light sources even when the grayscales of
the plurality of light sources are changed and hence the white
balance of the modulated light changes. A high-quality image
can thus be projected.

According to the aspects of the invention, the white balance
can be appropriately adjusted in correspondence with the
light emission amounts of the light sources in the projector.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

FIG. 1 is a functional block diagram of a projector.

FIG. 2 is a flowchart showing a procedure in which a
storage unit stores grayscales of laser light sources and
adjustment values for adjusting white balance.
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FIGS. 3A to 3D show light emission output levels, mea-
sured values, and detected values of each color light flux.

FIG. 4 is a flowchart showing the action of a control unit
that adjusts the white balance.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

An embodiment to which the invention is applied will be
described below with reference to the drawings.

FIG. 1 is a block diagram showing a functional configura-
tion of a projector 1 according to the embodiment. The pro-
jector 1, which works as a display apparatus that projects an
image on a screen SC (projection surface), is connected to an
external image supply apparatus (not shown), such as a PC or
any other computer and a variety of image players, via an I/F
(interface) 11 and projects an image based on digital image
data inputted through the interface 11 on the screen SC.

The projector 1 includes a projection unit 20, which forms
an optical image, and an image processing system that elec-
trically processes an image signal inputted to the projection
unit 20, and the projection unit 20 and the image processing
system operate under the control of a control unit 10.

The projection unit 20 includes a light source section 21, a
light modulation device (modulator) 22, and a projection
system 23. The light source section 21 includes a light source
the luminance of which can be controlled by using a pulse
signal based on PWM control, such as an LED and a laser
light source. In the present embodiment, a configuration
including laser light sources 42 and 43 formed of two blue
semiconductor laser devices is presented by way of example.
The laser light sources 42 and 43 may alternatively be formed
of'a plurality of semiconductor devices that emit a plurality of
laser light beams.

The light modulation device 22 receives a signal from the
image processing system, which will be described later, and
modulates light beams outputted from the light source section
21 based on the signal. The modulated light fluxes (image
light fluxes) 23a, 235, and 23¢ having undergone the modu-
lation in the light modulation device 22 are guided to the
projection system 23. The light modulation device 22 is spe-
cifically configured based, for example, on a method using
three transmissive or reflective liquid crystal light valves cor-
responding to RGB colors. It is assumed in the present
embodiment that the light modulation device 22 has a con-
figuration including three transmissive liquid crystal panels
corresponding to RGB color light beams, that is, a liquid
crystal panel 22a, which modulates blue light B, a liquid
crystal panel 225, which modulates red light R, and a liquid
crystal panel 22¢, which modulates green light G. The liquid
crystal panels 22a, 225, and 22¢ provided in the light modu-
lation device 22 are driven by a liquid crystal panel driver 33,
which will be described later, and an image is formed by
changing light transmittance in pixels arranged in a matrix in
each of the liquid crystal panels.

The RGB color light fluxes having undergone the modula-
tion in the light modulation device 22 are combined with each
other in a cross dichroic prism (not shown), and the combined
light is guided to the projection system 23.

The projection system 23, although not specifically shown,
includes a projection lens that is a group of lenses for project-
ing the modulated light fluxes 23a, 2354, and 23c¢ having
undergone the modulation in the light modulation device 22
on the screen SC to form an image and a variety of mecha-
nisms that change a variety of states of the projection system
23, such as the states of an aperture, zooming, and a shift
position of the projection lens. Further, the projection system
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23 is connected to a projection system driver (optical system
adjuster) 34, which controls and drives the mechanisms that
change the states of the projection system 23.

A PWM signal generator (light-emission-amount adjust-
ing unit) 50, which outputs pulse signals S2 and S3 for con-
trolling light emission of the laser light sources 42 and 43, is
connected to the light source section 21. The light source
section 21 includes a laser light, source driver (light source
driver) 40, which drives the laser light source 42 in accor-
dance with the pulse signal S2 inputted from the PWM signal
generator 50 and switches the state of the laser light source 42
between a light-on state and a light-off state, and a laser light
source driver (light source driver) 41, which drives the laser
light source 43 in accordance with the pulse signal S3 and
switches the state of the laser light source 43 between a
light-on state and a light-off state.

The laser light source 42 emits a blue laser light beam 42a
when driven by the laser light source driver 40, and the blue
laser light beam 424 passes through a diffuser plate 44, where
the blue laser light beam 42¢ is diftused. The diffused laser
light is incident as blue light 204 on the liquid crystal panel
22a in the light modulation device 22 and modulated by the
liquid crystal panel 22a. On the other hand, the laser light
source 43 also emits a blue laser light beam when driven by
the laser light source driver 41, as the laser light source 42
does. The blue laser light beam emitted from the laser light
source 43 impinges on a fluorophore material on a fluoro-
phore wheel 45, which converts the blue laser light beam into
yellow light 454, which is incident on a spectroscopic unit 46.
The spectroscopic unit 46 separates the yellow light 454 into
components in terms of wavelength, and separated red light
205 and green light 20¢ are incident on the liquid crystal panel
22b and the liquid crystal panel 22¢, respectively. That is, in
the light source section 21, the fluorophore wheel 45 and the
spectroscopic unit 46 function as a color light converter that
produces a plurality of color light fluxes from the light beam
emitted from the laser light source 43.

The PWM signal generator (light-emission amount adjust-
ing unit) 50 has a function of causing the laser light sources 42
and 43 to go on and adjusting the luminance of each of the
laser light sources 42 and 43 to desired luminance by driving
the laser light sources 42 and 43 based on PWM control in
accordance with a control signal S1 inputted from the control
unit 10. The PWM signal generator 50 generates the signals
S2 and S3, each of which specifies a pulse frequency and a
pulse width (ON period), in accordance with the control
signal S1 inputted from the control unit 10 and outputs the
signals S2 and S3 to the light source section 21 via a limiter.

The laser light source drivers 40 and 41 cause the laser light
sources 42 and 43 to go on when the pulses in the signals S2
and S3 rise to an ON level, whereas causing the laser light
sources 42 and 43 to go off when the pulses fall to an OFF
level.

In the projector 1, a video input unit 12, which has the
interface 11, and a conversion processor 13, which performs
scaling on image data inputted to the video input unit 12, are
connected. The conversion processor 13, for example, con-
verts the resolution of the image data and outputs the pro-
cessed image data to the control unit 10. A conceivable
example of the image data inputted to the projector 1 is
motion image (video) data. The image data may alternatively
be still image data.

For example, the interface 11 has a DVI (Digital Visual
Interface) interface, to which a digital video signal is inputted,
a USB interface, a LAN interface, an S video terminal, to
which a composite video signal based on NTSC, PAL,
SECAM, or any other standard is inputted, an RCA terminal,
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to which a composite video signal is inputted, a D terminal, to
which a component video signal is inputted, an HDMI con-
nector compliant with the HDMI (registered trademark) stan-
dard, a connector compliant with the DisplayPort (trademark)
standard established by VESA (Video Electronics Standards
Association), and the like. In preparation for an input of an
analog video signal through the interface 11, the video input
unit 12 may be configured to have an A/D conversion circuit
that converts the analog video signal into digital image data.
Further, the interface 11 may be provided with a wireless
communication interface.

The image processing system in the projector 1 is primarily
formed of the control unit 10, which oversees and controls the
entire projector 1. The projector 1 further includes a storage
unit 15, an input processor 16, an image processor 31, and the
liquid crystal panel driver 33. The storage unit 15 stores data
processed by the control unit 10 and a control program
executed by the control unit 10. The input processor 16
detects user operation performed through a remote control or
an operation panel (not shown). The image processor 31
processes image data and loads the resultant image signal into
a frame memory 32. The liquid crystal panel driver 33 drives
the liquid crystal panels 22a, 225, and 22c¢ in the light modu-
lation device 22 based on the image signal outputted from the
image processor 31 for image drawing.

The control unit 10 reads and executes the control program
stored in the storage unit 15 to control the components in the
projector 1. The control unit 10 detects the content of user
operation based on operation information inputted from the
input processor 16 and controls the image processor 31, the
liquid crystal panel driver 33, the projection system driver 34,
and the PWM signal generator 50 in accordance with the
operation to project an image on the screen SC.

The input processor 16 has not only a function of receiving
a wireless signal transmitted from the remote control (not
shown) with which the user operates the projector 1, decoding
the wireless signal, and detecting operation performed
through the remote control but also a function of detecting
operation performed on a button on the operation panel (not
shown) of the projector 1. The input processor 16 generates an
operation signal representing the operation performed on the
remote control or the operation panel and outputs the opera-
tion signal to the control unit 10. Further, the input processor
16 controls a light-on state of an indicator lamp on the opera-
tion panel (not shown) in accordance with the action state and
settings of the projector 1 under the control of the control unit
10.

The image processor 31 acquires the image data outputted
from the conversion processor 13 under the control of the
control unit 10 and determines the image size or resolution,
whether the image data is formed of still images or motion
images, and attributes of the image data, such as the frame
rate in the case of motion images. The image processor 31
then loads images into the frame memory 32 on a frame basis.
The image processor 31 further performs resolution conver-
sion when the resolution of the acquired image data differs
from the display resolution of the liquid crystal panels in the
light modulation device 22, performs enlargement/reduction
when a zooming instruction is issued by the user who operates
the remote control or the operation panel, and loads the pro-
cessed images into the frame memory 32. The image proces-
sor 31 then outputs the images loaded into the frame memory
32 on a frame basis as a display signal to the liquid crystal
panel driver 33.

The control unit 10 provides functions of a projection
control section 17, a light emission control section (control-
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ler) 18, a correction control section 19, and an adjustment
value acquisition section 38 by executing the control program
stored in the storage unit 15.

The projection control section 17 initializes the compo-
nents in the projector 1, controls the PWM signal generator 50
to cause the laser light sources 42 and 43 to go on, controls the
image processor 31 and the liquid crystal panel driver 33 to
cause the liquid crystal panels 22a, 2256, and 22¢ to draw
images for image projection in accordance with operation
detected by the input controller 16. The projection control
section 17 further controls the projection system driver 34 to
change the states of the projection system 23. The projection
system driver 34 controls the state of an aperture, a lens shift
position, and the state of zooming of the projection system 23.
The projection control section 17 may further control, for
example, the states of a cinema filter and an anamorphic lens
(not shown) present on the optical path, and the state of an
illumination aperture that adjusts the amount of light with
which the liquid crystal panels are illuminated.

The light emission control section (controller) 18 generates
the control signal S1 and outputs the control signal S1 to the
PWM signal generator 50 when projection is initiated and
during the projection. The control signal S1 specifies the
pulse width and the pulse cycle or a pulse-off period of each
of'the pulse signals S2 and S3 to be inputted to the laser light
source drivers 40 and 41. The light emission control section
18 adjusts the light emission amounts of the laser light
sources 42 and 43 by changing the pulse width and the pulse
cycle or the pulse-off period.

The correction control section 19 calculates the inclination
of the screen SC with respect to the projector 1 (projection
angle) and the projection distance from the projector 1 to the
screen SC and performs trapezoidal distortion correction and
other correction. The correction control section 19 corrects
the distortion of a projected image on the screen SC by con-
trolling the image processor 31 based on the calculated pro-
jection angle and projection distance to deform an image
loaded into the frame memory 32. A satisfactory rectangular
image is thus displayed. The correction control section 19, for
example, when it detects any disorder of a projected image on
the screen SC or when operation performed on the operation
panel (not shown) instructs to perform the correction, calcu-
lates the projection angle and the projection distance to newly
calculate a correction parameter and corrects the projected
image in accordance with the calculated parameter.

The adjustment value acquisition section (adjustment
value acquisition unit) 38 acquires adjustment values for
appropriately adjusting the white balance of modulated light
(projected light) 28, which is projected through the projection
system 23 on the screen SC, based on detected values from a
color sensor (detector) 14, which detects the color tempera-
ture of the modulated light 28. The modulated light 28 is
combined light formed of the blue light 204, the red light 205,
and the green light 20¢ emitted from the laser light sources 42
and 43 and combined by the projection system 23.

The projector 1 has a configuration in which the two laser
light sources 42 and 43 emit three color light beams, the red
(R), green (G), and blue (B) laser beams. To this end, the blue
laser light beam 42a emitted from the laser light source 42
forms the blue light 20a, whereas the blue laser light beam
43a emitted from the laser light source 43 is converted into the
yellow light 45a, which is then separated into the red light 206
and the green light 20¢ in a spectroscopic manner. For
example, assume that the laser light sources 42 and 43 have
the same output level and the diffuser plate 44 and the fluo-
rophore wheel 45 totally reflect light (have reflectance of
100%), and that the spectroscopic unit 46 halves the amount
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of light inputted thereto and hence the red light 206 and the
green light 20¢ have the same light amount. Under the
assumption described above, when the laser light sources 42
and 43 are driven to emit light beams of the same luminance,
the light amount of each of the red light 205 and the green
light 20c is one-half the light amount of the blue light 20a. In
other words, to allow the color light fluxes, the blue light 204,
the red light 205, and the green light 20c¢, to have the same
light amount, the luminance of the laser light source 42 needs
to be one-half the luminance of the laser light source 43. Inthe
projector 1, the laser light sources 42 and 43 are therefore
driven to emit light beams of different luminance values in
order to allow the amounts of the color light fluxes, the blue
light 20aq, the red light 205, and the green light 20¢, to be
preferably balanced.

In the present embodiment, the ratio (proportion) between
the luminance of the laser light source 42 and the luminance
of'the laser light source 43 is so set that the light amount of the
blue light 204 is lower than the amounts of the red light 205
and the green light 20c. Adjustment values for appropriately
adjusting the amounts of the color light beams emitted from
the laser light sources 42 and 43 are stored in the storage unit
15, which will be described later in detail.

The light amount ratio among the blue light 204, the red
light 205, and the green light 20c¢ is affected in some cases by
a variety of conditions, such as the output levels of the laser
light sources 42 and 43, the conversion efficiency at which the
fluorophore wheel 45 converts the blue laser light 434 into the
yellow light 454, the state of diffusion in the diffuser plate 44,
spectral characteristics of the spectroscopic unit 46, and the
states of the liquid crystal panels 22a, 225, 22c.

In consideration of the effects described above, the projec-
tor 1 adjusts the white balance in such a way that exact white
is reproduced.

In the projector 1, in which the light beams emitted from
the two laser light sources 42 and 43 are combined with each
other and projected, however, the light emission amounts of
the laser light sources 42 and 43 change with time differently
with each other by a large amount due to individual product
differences. When the light emission amounts of the laser
light sources 42 and 43 change with time differently with each
other, the light amount ratio among the blue light 20a, the red
light 205, and the green light 20¢ disadvantageously deviates
from a desired value.

The projector 1 is further so configured that the grayscales
of'the laser light sources 42 and 43 can be changed based on
an input from the user. The user can change the brightness of
a projected image stepwise by carrying out operation of
changing the grayscales of the laser light sources 42 and 43.
The light amount ratio among the R, G, and B components of
the modulated light 28, however, deviates from a desired
value when the grayscales of the laser light sources 42 and 43
are changed due to individual product differences in the gray-
scale versus light emission amount relationship between the
laser light sources 42 and 43, an effect of the fluorophore
wheel 45, the spectroscopic unit 46, or the diffuser plate 44, or
an effect of the difference in the optical paths from the laser
light sources 42 and 43 to the projection system 23. When the
light amount ratio among the R, G, and B components of the
modulated light 28 deviates from a desired value as described
above, the white balance of a projected image projected on the
screen SC deviates from a desired state and hence exact white
cannot be reproduced. In the projector 1 including the two
laser light sources 42 and 43, the white balance changes in a
complicated manner due to the variety of factors described
above.
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To appropriately adjust the white balance that changes in a
complicated manner as described above, the projector 1 is so
manufactured as a product that the white balance is appropri-
ately adjusted by using an external process sensor (not
shown). After the external process sensor is used to appropri-
ately adjust the white balance, the storage unit 15 stores
detected values from the internal color sensor 14 in the pro-
jector 1. An ND filter or any other suitable component may be
used as appropriate to attenuate light to be introduced to each
of the external sensor and the color sensor 14.

A procedure in which the storage unit 15 stores detected
values from the color sensor 14 as adjustment values for
adjusting the white balance in relation to the grayscales of the
laser light sources 42 and 43 in a manufacturing step of the
projector 1 will next be described with reference to the flow-
chart shown in FIG. 2.

FIG. 2 is a flowchart showing the procedure in which the
storage unit 15 stores adjustment values for adjusting the
white balance when the grayscales of the laser light sources
42 and 43 are changed in a manufacturing step of the projector
1. A description will be made of the procedure in which the
storage unit 15 stores adjustment values for adjusting the
white balance in relation to the grayscales of the laser light
sources 42 and 43 in a manufacturing step of the projector 1
with reference to FIG. 2.

First, in response to operator’s operation of setting maxi-
mum grayscales of the laser light sources 42 and 43, the
control unit 10 controls the PWM signal generator 50 by
using the function of the light emission control section 18 to
maximize the light emission amounts of the laser light
sources 42 and 43 and instructs to project the modulated light
28 (step S1).

The control unit 10 then adjusts the light emission amounts
of'the laser light sources 42 and 43 by using the function of the
light emission control section 18 in such a way that the exter-
nal sensor provided outside the projector 1 shows that a
measured ratio among the RGB components in a projected
image is 100:100:100 (step S2). When the external sensor
shows that a measured ratio among the RGB components in a
projected image is 100:100:100, the white balance provided
by the projector 1 has been appropriately adjusted and exact
white is reproduced on the screen SC. It is noted that values
measured with the external sensor can be inputted to the
projector 1 via the input processor 16.

To adjust the light emission amounts in order to make the
white balance appropriate, the following procedure may be
used: The projection is performed with the light emission
amounts of the laser light sources 42 and 43 maximized (step
S1); the ratio among the RGB components in the projected
image is measured with the external sensor; a color light flux
of'a minimum light emission output level is identified; and the
light emission output levels of the other color light fluxes are
lowered in accordance with the minimum light emission out-
put level to adjust the RGB ratio. For example, when the laser
light sources 42 and 43 are driven to provide maximum light
emission amounts and the external sensor shows a measured
value of R:G:B=120:110:100 as shown in FIG. 3A, the con-
trol unit 10 makes adjustment by using the function of the
light emission control section 18 in such a way that the light
emission output levels of the red light R and the green light G
are lowered in accordance with the light emission output level
of the blue light B having the lowest measured value. The
light emission amounts of the laser light sources 42 and 43 are
thus so adjusted that the external sensor shows a measured
value of R:G:B=100:100:100 as shown in FIG. 3B.

The control unit 10 then acquires detected values from the
color sensor 14 in the projector 1 obtained when the external
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sensor shows the measured value of R:G:B=100:100:100 by
using the function of the adjustment value acquisition section
38 (step S3). The color sensor 14 thus detects the light amount
ratio among the RGB components of the modulated light 28
produced when the projector 1 provides appropriate white
balance and the grayscales of the laser light sources 42 and 43
are 100%, which is the maximum. In the present embodiment,
the grayscales of the laser light sources 42 and 43 are so set
that the brightness of a projected image is changeable
between 0% and 100%. The grayscales of the laser light
sources 42 and 43 can be arbitrarily changed through user
operation, and the brightness of a projected image is maxi-
mized when the grayscales are set at 100%.

The adjustment value acquisition section 38 subsequently
stores the detected values from the color sensor 14 obtained
when the external sensor shows the measured value of 100:
100:100 in the storage unit 15 as adjustment values used when
the grayscales of the laser light sources 42 and 43 are maxi-
mized (step S4). That is, the detected values from the color
sensor 14 and the grayscales of the laser light sources 42 and
43 are stored in the storage unit 15 in relation to each other as
adjustment values for adjusting the white balance.

For example, when the grayscales of the laser light sources
42 and 43 are 100% and the white balance is made appropri-
ate, the color sensor 14 show detected values of R:G:B=98:
97:100 as shown in FIG. 3B, and the detected values are
stored in the storage unit 15 as adjustment values used when
the grayscales are 100%.

The control unit subsequently controls the PWM signal
generator 50 by using the function of the light emission con-
trol section 18 to change the grayscales of the laser light
sources 42 and 43 to specific values and instructs to project
the modulated light 28 (step S5). The control unit 10 used one
of the color light fluxes as a reference and changes the gray-
scales of the laser light sources 42 and 43 by changing the
light emission output level of the reference color light flux.
FIG. 3C shows a case where the green light G is used as the
reference and the grayscales of the laser light sources 42 and
43 are changed to 80% with reference to the green light G. A
description will be made of the case where the green light G
is used as the reference. When the grayscales of the laser light
sources 42 and 43 are 100% and the white balance is made
appropriate, the control unit 10 changes the grayscales of the
laser light sources 42 and 43 with reference to the light emis-
sion output level of the green light G=90 (see FIG. 3B). That
is, to change the grayscales of the laser light sources 42 and 43
to 80%, the light emission output level of the reference green
light G is first changed to 90*0.8=72. With the light emission
output level of the green light G fixed to 72, the light emission
amounts of the laser light sources 42 and 43 are then so
adjusted that the external sensor shows a measured value of
R:G:B=100:100:100 (step S6).

The control unit 10 next acquires detected values from the
color sensor 14 obtained when the grayscales ofthe laser light
sources 42 and 43 are 80% and the external sensor shows a
measured value of R:GG:B=100:100:100 by using the function
of the adjustment value acquisition section 38 (step S7). The
color sensor 14 thus detects the light amount ratio among the
RGB components of the modulated light 28 produced when
the projector 1 provides appropriate white balance and the
grayscales of the laser light sources 42 and 43 are 80%.

The adjustment value acquisition section 38 subsequently
stores detected values of R:G:B=85:92:90 from the color
sensor 14 obtained when the external sensor shows the mea-
sured value of 100:100:100 in the storage unit 15 as adjust-
ment values used when the grayscales of the laser light
sources 42 and 43 are 80% (step S8).
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The grayscales of the laser light sources 42 and 43 that are
stored in the storage unit 15 in relation to adjustment values
for adjusting the white balance can be arbitrarily set. For
example, consider five grayscales of the laser light sources 42
and 43, 100%, 80%, 60%, 40%, and 20%, and the grayscales
of the laser light sources and detected values from the color
sensor 14 obtained when the white balance is appropriate may
be stored in relation to each other as adjustment values for
adjusting the white balance.

To change the grayscales of the laser light sources 42 and
43 to 60% with reference to the light emission output level of
the green light G, the light emission output level of the refer-
ence green light G is first changed to 90*0.6=54 (step S5), as
in the case described above where the grayscales are changed
to 80%. With the light emission output level of the green light
G fixed to 54, the light emission amounts of the laser light
sources 42 and 43 are then so adjusted that the external sensor
shows a measured value of R:G:B=100:100:100 (step S6).
Detected values from the color sensor 14 obtained when the
external sensor shows the measured value of R:G:B=100:
100:100 are then acquired (step S7), and the detected values
are stored in the storage unit 15 as adjustment values used
when the grayscales of the laser light sources 42 and 43 are
60% (step S8).

The operator determines whether adjustment values for
adjusting the white balance for all the preset grayscales of the
laser light sources 42 and 43 have been stored in the storage
unit 15 (step S9). When there are still any grayscales of the
laser light sources 42 and 43 for which adjustment values
need to be recorded (step S9: No), the steps S5 to S8 for the
grayscales are repeated. When it is determined that adjust-
ment values for adjusting the white balance for all the preset
grayscales have been recorded (step S9: Yes), the operator
finishes storing adjustment values associated with grayscales
and used to adjust the white balance in the storage unit 15.

As described above, the storage unit 15 in the projector 1
stores detected values from the color sensor 14, that is, the
light amount ratio among the RGB components of the modu-
lated light 28, obtained when the grayscales of the laser light
sources 42 and 43 are set at specific values and the white
balance of the modulated light 28 is made appropriate. The
projector 1, when it is activated or when the grayscales are
changed, adjusts the white balance based on the grayscales of
the laser light sources 42 and 43 and the adjustment values
stored in the storage unit 15 and used to adjust the white
balance when the specific grayscales are set.

The action of the projector 1 that adjusts the white balance
based on specific grayscales of the laser light sources 42 and
43 will next be described with reference to the flowchart
shown in FIG. 4.

First, when the projector 1 is activated or when the projec-
tor 1 detects that user has operated the projector 1 to change
the grayscales of the laser light sources 42 and 43, the control
unit 10 determines whether or not the grayscales of the laser
light sources 42 and 43 having been set are specific values
stored in advance in the storage unit 15 in relation to adjust-
ment values for adjusting the white balance (step S11). When
the control unit 10 determines that the grayscales of the laser
light sources 42 and 43 are specific grayscales related to
adjustment values for adjusting the white balance stored in
advance in the storage unit 15 (step S11: Yes), the control unit
10 acquires the adjustment values stored in relation to the
grayscale from the storage unit 15 by using the function of the
adjustment value acquisition section 38 (step S12).

When the control unit 10 determines that the grayscales of
the laser light sources 42 and 43 are not specific values related
to adjustment values for adjusting the white balance stored in
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advance in the storage unit 15 (step S11: No), the control unit
10 calculates estimated values for appropriately adjusting the
white balance for the currently set grayscales based on the
specific grayscales stored in the storage unit 15 and the adjust-
ment values stored in the storage unit 15 in relation to the
specific grayscales by using the function of the adjustment
value acquisition section 38 (step S13).

A description will now be made of an example of a method
for calculating estimated values for appropriately adjusting
the white balance for currently set grayscales based on spe-
cific grayscales stored in the storage unit 15 and adjustment
values stored in the storage unit 15 in relation to the specific
grayscales.

The description will be made based on the example
described above. The storage unit 15 stores the five specific
grayscales of the laser light sources 42 and 43, 100%, 80%,
60%, 40%, and 20%, and adjustment values for adjusting the
white balance in relation to each other. When it is determined
that the currently set grayscales are not any of the grayscales
stored in advance in the storage unit 15 (step S11: No), the
control unit 10 calculates estimated values used to adjust the
white balance and corresponding to the set grayscales based
on the specific grayscales stored in the storage unit 15 and the
adjustment values for the specific grayscales by using linear
interpolation, a quadratic function interpolation, a spline
interpolation, or any other suitable interpolation method.

For example, when the grayscales of the laser light sources
42 and 43 set by the user are 90%, the control unit 10 calcu-
lates estimated values for appropriately adjusting the white
balance based on the adjustment values obtained when the
grayscales are 100% and stored in advance in the storage unit
15 and the adjustment values obtained when the grayscales
are 80% and stored in advance in the storage unit 15. In the
example described above, the adjustment values obtained
when the grayscales of the laser light sources 42 and 43 are
100% are R:G:B=98:97:100, and the adjustment values
obtained when the grayscales of the laser light sources 42 and
43 are 80% are R:G:B=85:92:90. In this case, estimated val-
ues calculated when the grayscales of the laser light sources
42 and 43 are 90% is calculated by using linear interpolation
as follows.

R=(98+85)+2=91.5
G=(97+92)+2=94.5

B=(100+90)+2=95

As described above, the control unit 10 acquires or calcu-
lates adjustment values or estimated values for adjusting the
white balance based on the grayscales of the laser light
sources 42 and 43 by using the function of the adjustment
value acquisition section 38 and subsequently controls the
light emission control section 18 to adjust the light emission
amounts of the laser light sources 42 and 43 in such a way that
detected values from the color sensor 14 are equal to the
adjustment values or the estimated values acquired or calcu-
lated by the adjustment value acquisition section 38 (step
S14). That is, the control unit 10 controls the light emission
amounts of the laser light sources 42 and 43 based on pulse
control by using the function of the PWM signal generator 50
to change the light emission output levels of the blue light
20a, the red light 205, and the green light 20¢ in such a way
that the light amount ratio among the RGB components of the
modulated light 28 allows the projector 1 to provide appro-
priate white balance. In this process, the light emission con-
trol section 18 determines adjustment values for adjusting the
light amounts of the color light fluxes R, G, and B based on the



US 9,134,597 B2

13

adjustment values or the estimated values acquired by the
adjustment value acquisition section 38 and the detected val-
ues from the color sensor 14 and further determines adjust-
ment values for adjusting the light emission amounts of the
laser light sources 42 and 43, and the PWM signal generator
50 adjusts the light emission amounts of the laser light
sources 42 and 43 based on the thus determined adjustment
values.

According to the configuration described above, the light
emission amounts of the laser light sources 42 and 43 can be
so changed that the light amount ratio among the RGB com-
ponents of the modulated light 28 detected by the color sensor
14 allows the projector 1 to provide appropriate white balance
in accordance with the grayscales of the laser light sources 42
and 43. Further, since the light emission amounts of the laser
light sources 42 and 43 are changed based on the light amount
ratio among the RGB components of the modulated light 28
projected through the projection system 23 in such a way that
the white balance is appropriate, appropriate adjustment can
be made and hence a high-quality image can be projected
even when the output light amounts of the laser light sources
42 and 43 change due to aging of the laser light sources 42 and
43 and hence the white balance of the modulated light 28
changes in a complicated manner.

As described above, the projector 1 according to the
embodiment to which the invention is applied not only
includes the plurality of laser light sources 42 and 43 and the
light modulation device 22, which modulates light emitted
from each of the plurality of laser light sources 42 and 43, but
also includes the projection unit 20, which projects the modu-
lated light having undergone the modulation in the light
modulation device 22, the storage unit 15, which stores the
grayscales of the laser light sources 42 and 43 and adjustment
values for adjusting the light emission amounts of the laser
light sources 42 and 43 in order to make the white balance of
the modulated light 28 projected through the projection unit
20 appropriate with the grayscales and the adjustment values
related to each other, and the PWM signal generator 50,
which adjusts the light emission amounts of the laser light
sources 42 and 43 based on the adjustment values correspond-
ing to the grayscales of the laser light sources 42 and 43. The
white balance of the modulated light 28 can be appropriately
adjusted based on the adjustment values stored in advance in
relation to the grayscales of the laser light sources 42 and 43
even when the grayscales of the plurality of laser light sources
42 and 43 are changed and hence the white balance of the
modulated light 28 changes. A high-quality image can thus be
projected.

Further, the projector 1 includes the laser light source driv-
ers 40 and 41, which drive the plurality of laser light sources
42 and 43, and the PWM signal generator 50 controls the laser
light source drivers 40 and 41 based on inputted grayscales of
the laser light sources 42 and 43 and the adjustment values
acquired from the storage unit 15 to adjust the light emission
amounts of the laser light sources 42 and 43. As aresult, when
the laser light sources 42 and 43 are driven to emit light based
on the inputted grayscales of the laser light sources, adjusting
the light emission amounts of the laser light sources 42 and 43
based on the adjustment values stored in relation to the gray-
scales allows the white balance to be appropriately adjusted in
correspondence with the light emission amounts of the laser
light sources 42 and 43.

Further, the storage unit 15 in the projector 1 stores the
grayscales of the laser light sources 42 and 43 and the adjust-
ment values in relation to each other, and the projector 1
further includes the light emission control section 18, which
adjusts the light emission amounts of the laser light sources
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42 and 43 by using the PWM signal generator 50 based on the
adjustment values stored in the storage unit 15 when the
grayscales of the laser light sources 42 and 43 are set at
specific values, whereas adjusting the light emission amounts
of'the laser light sources 42 and 43 by using the PWM signal
generator 50 based on estimated values calculated from the
adjustment values stored in the storage unit 15 when the
grayscales of the laser light sources 42 and 43 are set at values
different from the specific values. As a result, the white bal-
ance can be adjusted in correspondence with a variety of
grayscales even when only a small number of adjustment
values for adjusting the white balance are available. Further,
since a large number of adjustment values are not necessary,
the period necessary to acquire adjustment values can be
shortened.

The projector 1 further includes the adjustment value
acquisition section 38, which acquires adjustment values that
make the white balance of the modulated light 28 appropriate
when the grayscales of the laser light sources 42 and 43 are set
at the specific values and stores the grayscales of the laser
light sources 42 and 43 and the adjustment values in relation
to each other in the storage unit 15. Storing the grayscales of
the laser light sources 42 and 43 and the adjustment values for
adjusting the white balance for the grayscales in relation to
each other as described above allows appropriate adjustment
of the white balance in correspondence with the light emis-
sion amounts of the laser light sources 42 and 43.

The projector 1 further includes the fluorophore wheel 45
and the spectroscopic unit 46, which produce a plurality of
color light fluxes from the light emitted from one of the laser
light sources 42 and 43 based on color conversion and/or in a
spectroscopic manner, and a modulator that modulates the
plurality of color light fluxes produced by the fluorophore
wheel 45 and the spectroscopic unit 46. The light emission
control section 18 determines adjustment values for adjusting
the light amounts of the color light fluxes based on the gray-
scales of the laser light sources 42 and 43 and from the
adjustment values stored in the storage unit 15 or the esti-
mated values calculated from the adjustment values stored in
the storage unit 15 and further determines adjustment values
for adjusting the laser light sources 42 and 43 to adjust the
light emission amounts of the laser light sources 42 and 43 by
using the PWM signal generator 50. As a result, in the con-
figuration in which a plurality of color light fluxes are pro-
duced from the single laser light source 43 based on color
conversion and/or in a spectroscopic manner, the white bal-
ance can be appropriately adjusted in correspondence with
the light emission amounts of the laser light sources 42 and
43.

The projector 1 further includes the color sensor 14, which
detects the white balance of the modulated light, and the
storage unit 15, which holds, after the color sensor 14 detects
the white balance of the modulated light produced when the
grayscales of the laser light sources 42 and 43 are set at the
specific values, the detected values from the color sensor 14,
and the adjustment value acquisition section 38 acquires the
detected values held in the storage unit 15 as the adjustment
values. As a result, when the light beams emitted from the
plurality of laser light sources 42 and 43 are combined with
each other and projected, the white balance of the light emis-
sion amounts of the laser light sources 42 and 43 can be
appropriately adjusted based on the detected values from the
color sensor 14.

Further, the adjustment value acquisition section 38 in the
projector 1 acquires the adjustment values based on measured
values obtained by measuring the white balance of the modu-
lated light 28 outside the projector 1 and detected values
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obtained by detecting the white balance of the modulated
light 28 with the color sensor 14. As a result, the adjustment
values used when the grayscales of the laser light sources 42
and 43 are set at the specific values can be quickly acquired
based on the measured values measured outside the projector
1 and the detected values from the color sensor 14.

The embodiment described above is presented only by way
of example of a specific aspect to which the invention is
applied and does not limit the invention, and the invention is
applicable to an aspect different from the embodiment
described above.

Each of the functional portions of the projector 1 shown in
FIG. 1 includes a functional component achieved by hard-
ware and software in cooperation with each other, and the
specific implementation of the functional component is not
limited to a particular one. In addition, the specific detailed
configuration of each of the portions in the projector 1 can
also be arbitrarily changed to the extent that the change does
not depart from the substance of the invention.

Further, the projector 1 according to the present embodi-
ment is a liquid crystal projector including the liquid crystal
panel 22a, which modulates the blue light B, the liquid crystal
panel 225, which modulates the red light R, and the liquid
crystal panel 22¢, which modulates the green light G. The
projector 1 is not limited thereto and may alternatively be a
projector using digital mirror devices (DMDs).

Moreover, in the present embodiment, the white balance of
the modulated light 28 is so adjusted that exact white, that is,
an RGB ratio of 100:100:100 is provided. The white balance
is not necessarily adjusted this way, and the balance among
the color light fluxes contained in the modulated light may be
adjusted based on an arbitrarily set color in order to provide a
bluish or reddish screen.

Further, the color according to which the balance adjust-
ment is made may be changed in accordance with a color
mode setting provided in the projector 1. For example, when
the color mode setting is a dynamic setting, the balance
adjustment may be so made that white modulated light 28 is
produced as in the present embodiment, whereas when the
color mode setting is based on a cinema mode, the balance
adjustment may be so made that bluish modulated light 28 is
produced.

Moreover, the balance adjustment may be so made that
optimum-color modulated light 28 is produced in accordance
with a projection environment. In this case, the projector 1
may include an illuminance sensor or camera that measures
environment light and adjust the balance of the modulated
light 28 in such a way that appropriate-color modulated light
28 is produced in accordance with the measured environment
light.

What is claimed is:

1. A projector comprising:

a plurality of light sources;

a modulator that modulates light emitted from each of the

plurality of light sources;

a projection unit that projects the modulated light modu-
lated by the modulator;

a storage unit that stores grayscales of the light sources and
adjustment values for adjusting the light emission
amounts of the light sources in order to make white
balance of the modulated light projected through the
projection unit appropriate with the grayscales and the
adjustment values stored in relation to each other;

a light-emission-amount adjusting unit that adjusts the
light emission amounts of the light sources based on the
adjustment values corresponding to the grayscales of the
light sources; and
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a controller that adjusts the light emission amounts of the
light sources by using the light-emission-amount adjust-
ing unit based on the adjustment values stored in the
storage unit when the grayscales of the light sources are
set at specific values, whereas adjusting the light emis-
sion amounts of the light sources by using the light
emission-amount adjusting unit based on estimated val-
ues calculated from the adjustment values stored in the
storage unit when the grayscales of the light sources are
set at values different from the specific values.

2. The projector according to claim 1,

further comprising light source driving unit that drives the
plurality of light sources,

wherein the light-emission-amount adjusting unit controls
the light source driving unit based on inputted grayscales
of the light sources and the adjustment values acquired
from the storage unit to adjust the light emission
amounts of the light sources.

3. The projector according to claim 1,

further comprising an adjustment value acquisition unit
that acquires adjustment values that make the white bal-
ance of the modulated light appropriate when the gray-
scales of the light sources are set at the specific values
and stores the grayscales of the light sources and the
adjustment values in relation to each other in the storage
unit.

4. The projector according to claim 1, further comprising:

a color light converter that produces a plurality of color
light fluxes from the light from one of the light sources
based on color conversion and/or in a spectroscopic
manner, and

a modulator that modulates the plurality of color light
fluxes produced by the color light converter,

wherein the controller determines, based on the grayscales
of the light sources, adjustment values for adjusting the
light amounts of the color light fluxes from the adjust-
ment values stored in the storage unit or the estimated
values calculated from the adjustment values stored in
the storage unit and further determines adjustment val-
ues for adjusting the light sources to adjust the light
emission amounts of the light sources by using the light-
emission-amount adjusting unit.

5. The projector according to claim 3, further comprising:

a detector that detects the white balance of the modulated
light; and

a detected value holding unit that holds the detected values
from the detector after the detector detects the white
balance of the modulated light produced when the gray-
scales of the light sources are set at the specific values,

wherein the adjustment value acquisition unit acquires the
detected values held by the detected value holding unit
as adjustment values.

6. The projector according to claim 5,

wherein the adjustment value acquisition unit acquires the
adjustment values based on measured values obtained
by measuring the white balance of the modulated light
outside the projector and the detected values obtained by
detecting the white balance of the modulated light with
the detector.

7. A light emission control method in a projector including,
a plurality of light sources, a modulator that modulates light
emitted from each of the plurality of light sources, and a
projection unit that projects the modulated light modulated by
the modulator, the light emission control method comprising:

storing, in a storage unit, grayscales of the light sources and
adjustment values for adjusting the light emission
amounts of the light sources in order to make white
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balance of the modulated light appropriate with the
grayscales and the adjustment values stored in relation to
each other; and
adjusting the light emission amounts of light sources based
on the adjustment values stored in the storage unit when
the grayscale of the light sources are set at specific
values, whereas adjusting the light emission amounts of
the light sources based on estimated values calculated
from the adjustment values stored in the storage unit
when the grayscales of the light sources are set at values
different from the specific values.
8. The light emission control method according to claim 7,
further comprising:
driving the plurality of the light source based on inputted
grayscales of the light sources and the adjustment values
acquired from the storage unit to adjust the light emis-
sion amounts of the light sources.
9. The light emission control method according to claim 7,
further comprising:
acquiring adjustment values that make the white balance of
the modulated light appropriate when the grayscales of
the light sources are set at the specific values; and
storing the grayscales of the light sources and the adjust-
ment values in relation to each other in the storage unit.
10. The light emission control method according to claim
claim 7, further comprising:
producing a plurality of color light fluxes from the light
from one of the light sources based on color conversion
and/or in a spectroscopic manner;
modulating the plurality of produced color light fluxes;
determining, based on the grayscales of the light sources,
adjustment values for adjusting the light amounts of the
color light fluxes from the adjustment values stored in
the storage unit or the estimated values calculated from
the adjustment values;
determining adjustment values for adjusting the light
sources from the determined adjustment values for
adjusting the light amounts of the color light fluxes; and
adjusting the light emission amounts of the light sources
based on the determined adjustment values for adjusting
the light sources.
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11. The light emission control method according to claim
9, further comprising:

detecting the white balance of the modulated light;

holding the detected values after detecting the white bal-
ance of the modulated light produced when the gray-
scales of the light sources are set at the specific values;
and

acquiring the held detected values as adjustment values.

12. The light emission control method according to claim

11, further comprising:

acquiring the adjustment values based on measured values
obtained by measuring the white balance of the modu-
lated light outside the projector and the detected values
obtained by detecting the white balance of the modu-
lated light.

13. A projector comprising:

a plurality of light sources;

a color light converter that produces a plurality of color
light fluxes from the light from one of the light sources
based on color conversion and/or in a spectroscopic
manner;

a modulator that modulates the plurality of color light
fluxes produced by the color light converter;

a detector that detects a modulating light, the modulated
light being a combined light formed of a modulated
plurality of color light fluxes modulated by the modula-
tor;

a projection unit that projects the modulated light;

an adjustment value acquisition unit that acquires adjust-
ment values for adjusting light emission amounts of the
light sources in order to make white balance of a pro-
jected light projected through the projection unit appro-
priate, the adjustment value acquisition unit acquiring
the adjustment values based on a detected value from the
detector;

a storage unit that stores grayscales of the light sources and
the adjustment values in relation to each other; and

a light-emission-amount adjusting unit that adjusts the
light emission amounts of the light sources based on the
adjustment values corresponding to the grayscales ofthe
light sources.



